Painful bladder syndrome/interstitial cystitis is a disabling disease of the urinary bladder that mainly affects women. It is of unknown etiology and can appear in all age groups. The main symptoms -bladder pain and urinary frequency -may completely govern the life of the unlucky person suffering from the disease. Treatment includes diet, behavioral modifications, medical treatments, inclusive specific-pain treatment and surgery, but it is unfortunately often insufficient. The disease is rare and lacks a specific definition as well as proper diagnostic criteria. Surgical treatments include neuromodulation, transurethral surgery, bladder augmentation and urinary diversion with or without cystectomy. This article examines the documentation, or lack of, for the often drastic surgical procedures performed to improve quality of life in patients with this disorder.
Painful bladder syndrome/interstitial cystitis (PBS/IC) is a disease of the bladder characterized by pain in the bladder during filling, which is relieved by voiding, leading to frequent voiding day and night. Some patients have to void up to 50 times/day and night. It is easily understandable that voiding this often has a major impact on quality of life (QoL) for the unfortunate patient suffering from this disease. However, it differs among patients to what degree frequent voiding, pain or both are the most bothersome symptoms.
The diagnostic criteria for IC have been under heated debate during the last 5 years. From this discussion, it has become evident that it is not currently possible to define any useful diagnostic test for making the diagnosis of IC. At an International Consultation on Incontinence in 2005 (Monte Carlo, Monaco), the Committee on PBS (including IC) [1] therefore agreed to follow the definition of the International Continence Society [2] , that PBS is the complaint of suprapubic pain related to bladder filling, accompanied by other symptoms, such as increased daytime and night-time frequency, in the absence of proven infection or other obvious pathology. IC is a specific diagnosis and requires confirmation by typical cystoscopic and histological features.
This means that the diagnosis of PBS is clinical, based on symptoms and exclusion of other diseases by specific investigations for those diseases. The diagnosis of IC demands a diagnosis of PBS plus cystoscopic and/or morphological changes in the bladder consistent with the diagnosis.
It is evident that attempts to examine the prevalence of this disease have been hampered by the lack of a definition. In 1975, Oravisto reported a prevalence of 10/100,000 for both genders and 18/100,000 for women in Finland [3] . Held and colleagues reported a prevalence of 30/100,000 [4] and Jones and Nyberg a prevalence of 501/100,000 for both genders and 865/100,000 for women [5] . These differences mostly reflect differences in definition. A more recent questionnaire-based study found a prevalence of 450/100,000 in women in Finland [6] , which might be a more precise estimate of the prevalence of PBS. Clemens and colleagues calculated the prevalence of physician-diagnosed IC to 197/100,000 women and 41/100,000 men [7] .
The influence of PBS/IC on QoL has been evaluated by Koziol and colleagues, who demonstrated a significant negative effect on ability to travel, employment, leisure activities and sleep [8] . Michael and colleagues found that the QoL in females with IC was especially affected in the psychosocial dimensions, such as vitality and mental health [9] .
Treatment
To find and document effective treatments of a relatively rare disease with no clear clinical definition is a difficult task. Many treatments are anecdotal or based on empiric data and proper prospective, randomized, controlled studies are the exception, not the rule. Treatment includes behavioral treatments, diets, oral medications, bladder dilatation and bladder irrigation directed against the frequent voiding and/or pain. Only when all these treatments have failed is surgery considered. Surgery includes surgery on the nervous system and the bladder.
Surgery on the nervous system
Old methods, such as sympathetic denervation [10] , parasympathetic denervation [11] and cystolysis [12, 13] have now been abandoned. In recent years, neuromodulation and especially sacral neuromodulation have gained some interest.
Neuromodulation
The first report on neuromodulation came from Chai and colleagues in 2000 [14] . The implantation of the InterStim ® sacral nerve stimulator is a two-step procedure. First, a test electrode is placed at the spinal cord level SII (SIII or SIV might be used) and an external stimulator is connected. If test stimulation demonstrates sufficient effect, a permanent electrode and pacemaker are implanted. In the above study, six patients had a test electrode for 5 days. Urinary frequency, urgency and pelvic pain improved dramatically (Table 1) . Interestingly, promising urinary markers for PBS/IC, such as heparin-binding epidermal growth factor and antiproliferative factor, also normalized considerably [14] . Maher and colleagues and Whitmore and colleagues found similar results (Tables 2 & 3 ) [15, 16] .
In 2003, Comiter reported results after permanent implantation. A total of 17 of 25 patients passed the test period and had a permanent implant. Clinical results are shown in Table 4 [17] .
Peters and Konstandt reported on the decrease in the use of narcotic drugs in patients with refractory IC treated with a permanent sacral stimulator [18] . After a mean follow-up of 15.4 months, 20 patients (95%) reported marked improvement in symptoms. Mean narcotic use decreased from 81.6 to 52 mg/day. Four skipped the use of narcotics completely.
Later results presented at the American Urological Association last year were not so promising. Vaze and colleagues reported on 27 patients with IC [19] . A total of 24 passed test stimulation. After a minimum of 3 months follow-up, the clinical success rate was only 48% (13/27). Peters and colleagues compared pudendal and sacral nerve stimulation and found pudendal nerve stimulation superior, so this might be a better approach in the future [20] .
Transcutaneous tibial nerve stimulation has not shown any effect in a small study [21] . In this context, it is worth mentioning that suprapubic or pelvic floor stimulators, although scarcely reported, seem to have yielded better outcomes [22] .
Transurethral resection
In his first papers, Hunner described open resection of the bladder ulcer in the treatment of patients with IC [12, 23] . He later abandoned this treatment owing to operative morbidity and recurrence of symptoms. Results of transurethral resection were originally reported by Greenberg and colleagues [24] and Fall [25] . The retrospective results of this treatment in a large samples of 116 patients with Hunner's lesion from Fall's clinic were later reported by Peeker and colleagues [26] . Hunner's lesion was first recognized by bladder distension during general anesthesia. All lesions were then resected including at least half of the underlying muscular coat. Large areas of the bladder might be treated to resect all diseased tissue. A total of 92 of the 116 patients experienced amelioration of their symptoms. The average duration of symptom alleviation was 23 months, ranging from 0-180 months. Up to 16 re-resections were performed if symptoms recurred. However, this is the only center that has reported larger clinical series of patients with IC treated in this manner. In 1987, Shanberg and Malloy reported on laser fulguration of [14] .
Surgical treatment of painful bladder syndrome/interstitial cystitis -REVIEW 39 patients with IC [27] . A total of 19 had Hunner's lesion, while 20 did not. Of the 19 patients with Hunner's lesion, 17 reported good pain relief lasting between 6 and 18 months. In the 20 patients without Hunner's lesion, reddened areas in the bladder were photocoagulated with the Neodynium:Yag laser. A total of 13 patients experienced a marked improvement of symptoms, but time to possible recurrence was not reported. Small-bowel perforation in two patients was the most important complication in this series. Rofeim and colleagues reported on 24 patients, who all had good results after laser ablation of Hunner's lesion [28] . Pain score decreased from 9.1 to 1.2 and mean voiding interval increased from 30 to 102 min. Although widely referred to as a possible treatment, these are the only centers that have actually reported their results of resection or fulguration of bladder lesions in PBS/IC.
Cystoplasty & urinary diversion
If all other treatments have failed, major surgery may be necessary to relieve patients from their disabling symptoms. This includes bladder augmentation, urinary diversion and partial or total cystectomy. It is essential that a patient has been through an extensive work-up before irreversible surgery is undertaken.
Bladder augmentation
In a small proportion of patients, inflammatory processes in the bladder wall result in severe fibrosis and a contracted bladder with sometimes a very small capacity, even during general anesthesia. These patients often have the most severe frequency, but bladder pain becomes a smaller problem. These are the patients best suited for bladder augmentation, with or without resection of the patient's own bladder [29, 30] . Most papers advocate resection of most of the bladder either supratrigonally [31] or including the trigone [32] . Nielsen and colleagues found bladder capacity during general anesthesia to be the best predictor of outcome [33] . Patients with small capacity (200 ml) had good outcomes, while patients with large capacity (525 ml) had poor outcomes. This was also the case in Peeker and colleagues' report, although they ascribed the difference in outcome to whether the patients had classic IC or not [30] . An excellent review by Hohenfellner and colleagues concluded that small bladder capacity during general anesthesia was the best predictor of good outcome after orthotopic bladder substitution [34] . Complications to bladder augmentation/substitution include the need for self catheterization, seen in a significant proportion of patients, especially after ileocystoplasty [31] . In PBS/IC, the need for intermittent catheterization is often an unacceptable outcome due to the hypersensitivity of the bladder base and urethra, making the procedure much too painful.
In the chapter on PBS from the 3rd International Consultation on Incontinence, it was concluded that subtrigonal cystectomy with cystoplasty has no outcome advantage over supratrigonal cystectomy, but is associated with more complications and poorer functional bladder rehabilitation [1] . [16] .
Urinary diversion
In a questionnaire to urologists in the USA, Gershbaum and Moldwin found urinary diversion to be the most common surgical treatment for PBS/IC [35] . It is therefore a little surprising that the literature on the subject is extremely sparse. It is often just mentioned in the text that this is the ultimate treatment to relieve patients from their symptoms and that diversion with or without cystectomy is often successful [33, 36, 37] . Using the bowel segment from a continent reservoir or an augmentation to create a conduit has been demonstrated successfully [38] , the concern being the theoretical risk of continued pain in the converted ileal segment. It is still completely uncertain whether inflammation and fibrosis of the intestine, if observed at all, constitute the usual reaction to exposure to urine or a specific spread of IC [39] . At least six of seven patients with enteroplasty and the bladder remnant left in place in five became pain free [39] . This is interesting, as it has been a subject of discussion whether urinary diversion should be accompanied by simultaneous cystectomy or if cystectomy should be reserved for those patients having persistent pain or intolerable infectious problems from their bladder. The author and colleagues have recently reviewed their experience from the last 5 years. Of 11 patients with PBS/IC, ten became pain free and one had persistent, unchanged pain. This patient later had a cystectomy without any effect on the pain. One patient had a cystectomy due to pyocystos, with good results. Continent urinary diversion using an intestinal reservoir has become the treatment of choice in patients having a cystectomy due to bladder cancer. It has therefore also been tried in patients with PBS/IC, due to the better QoL with an internal urinary reservoir. However, experience has shown that this is often complicated by the reoccurrence of pain in the intestinal reservoir.
Again, the literature on the subject is sparse [40] , although chronic inflammatory changes have been observed in the cystoplasty pouch, resembling IC [41, 42] . The persistent pain after major irreversible surgery is an enigma and often causes patients to defer surgery for many years. However, in this discussion it must be remembered that two symptoms are the major causes of the poor QoL in these patients: pain and frequency. At least it can always be promised that frequency is alleviated by a urinary diversion, making daily life much easier and making it possible to have a full night's sleep. The author's latest results also seem to demonstrate a very good chance of pain relief [J. Nordling and colleagues, unpublished data].
Conclusion
Currently, the surgical treatment of PBS/IC involves neuromodulation, transurethral resection/fulguration, urinary bladder augmentation and urinary diversion. The literature on these subjects is very scarce and often of limited value, owing to retrospective, uncontrolled studies. Neuromodulation might prove to be beneficial, but results are contradictory and treatment is expensive. Neuromodulation must still be considered experimental. Transurethral resection/fulguration is only reported from a few centers and the effect is temporary, but treatment can be repeated many times. These treatment modalities seem to deserve more attention. Urinary bladder augmentation should be reserved for the burnt-out IC patient with a contracted bladder and urinary frequency as the main problem, while pain is not a significant symptom. Urinary diversion is reserved for the patient whose QoL is more or less destroyed owing to pain and urinary frequency, and who has demonstrated an unsatisfactory response to less invasive treatments. Continent urinary diversion should only be considered in patients with a successful urinary diversion for more than 1-2 years. [17] .
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Future perspective
The focus on PBS/IC has increased dramatically during the last 3 years, resulting in a variety of new approaches to etiology, pathophysiology and treatment. Promising medical treatment modalities are being tested, as well as neuromodulation and bladder installations. This will lead to better diagnosis and treatments. Patients with PBS/IC are chronic pain patients, and physicians' awareness of this, as well as better pain treatments already available today, give promise for improving the QoL of these often severely disabled patients. In cases where conservative treatment fails, major surgery should be considered earlier, both to relieve patients' symptoms and to prevent centralization of the pain.
It is probably most important that a better understanding of the disease will lead to an earlier diagnosis, relieving many patients from the frustration of suffering from severe symptoms without being readily believed to have a somatic disease.
Executive summary
• Painful bladder syndrome/interstitial cystitis is a chronic, often severely disabling, disease of the urinary bladder.
Treatment
• Treatments involve behavioral treatment, diet, oral medications, bladder distension, bladder irrigation and surgery.
Surgery on the nervous system
• Old surgical treatments, such as sympathetic denervation, parasympathetic denervation and cystolysis are now abandoned. • Sacral neuromodulation is still under investigation and posterior tibial nerve stimulation has been disappointing in small studies.
Transurethral resection
• Transurethral resection or laser fulguration of Hunner's lesions, if present, might be a useful therapeutic option.
Cytoplasty & urinary diversion
• Cystoplasty should be performed supratrigonally, but is mainly indicated in end-stage disease (contracted bladder and little pain). • Urinary diversion resolves the problem of frequency and, in a majority of patients, also of pain. Cystectomy is only indicated due to pyocystos or persistent pain.
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